Introduction {#sec1}
============

The World Health Organization (WHO) designated the disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as coronavirus disease 2019 (COVID-19). It led to numerous cases of severe viral pneumonia and was first identified in the city of Wuhan, Hubei Province, China \[[@bib1]\]. As of May 22, 2020, more than 5 million cases and 335,000 deaths were recorded worldwide \[[@bib2]\] (see [Fig. 1](#fig1){ref-type="fig"} ).Figure 1Hospital basic characteristics, according to number of hospital beds, intensive care unit (ICU) beds, and mechanical ventilators.Figure 1

Recent reports indicated that 20--45% of individuals with COVID-19 would require hospitalization \[[@bib3],[@bib4]\]. Moreover, the intensive care unit (ICU) admission rates were reported to be between 5% and 26% in countries such as the USA, Italy, and China \[[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10]\]. Patients with COVID-19 may develop acute respiratory distress syndrome (ARDS), which requires endotracheal intubation and mechanical ventilation. In addition, precautions have to be taken to avoid aerosol-generating droplets during intubation \[[@bib11], [@bib12], [@bib13], [@bib14]\].

Specialized high-resource clinical settings with highly trained healthcare professionals and access to mechanical ventilators are essential for hospitalization of COVID-19 patients; none of which are feasible in low-resource countries with a fragile healthcare system. Furthermore, inadequate governmental plans in low-resource countries and the presence of socio-economic factors, such as civil war and financial crises, further complicate healthcare delivery \[[@bib15],[@bib16]\]. The low number of reported cases in such countries could be due to a limited availability of testing resources and decreased ability of the healthcare system to detect and treat COVID-19 cases \[[@bib17]\].

In addition, concerns regarding personal protective equipment (PPE) availability have been reported in the literature and anecdotally by frontline health professionals \[[@bib18],[@bib19]\]. These concerns have been addressed by WHO in a report, wherein recommendations and guidance for rational use of PPE during the COVID-19 pandemic have been provided for healthcare workers \[[@bib20]\].

Owing to these problems in low-resource countries, their ability and capacity to manage and control COVID-19 has raised concerns and may indirectly result in higher mortality rates. This study aims to provide an overview on the preparation level of the hospitals to manage COVID-19 in low-resource countries.

Methods {#sec2}
=======

A cross-sectional survey evaluating the capacity as well as the readiness of hospitals and ICUs was conducted in March 2020 by collecting data from 16 leading hospitals in Libya. The survey recorded the following data: type of hospital, number of hospital and ICU beds, nurse-to-patient ratio, number of infectious disease and pulmonary specialists, presence of antibiotic policy and stewardship, presence of microbial isolation measures, weaning protocol, availability of infectious disease diagnostic techniques, data recording policy, and daytime laboratory availability during shifts. Only hospitals with ICUs that could receive patients with COVID-19 (secondary or tertiary centers) were included in the analysis. Hospitals without ICUs were excluded from the study.

Additionally, a survey was conducted among 400 doctors who worked in these hospitals to evaluate the availability of PPE and the presence of PPE training programs. Healthcare workers were also enquired about the ability of hospitals to provide PPE.

Statistical analysis was performed using SPSS (IBM SPSS Statistics, Version 25.0; IBM Corp., Armonk, NY). Descriptive analysis was reported by frequency, percentage, mean, and standard deviation. Nonparametric data were presented as median and interquartile range (IQR).

Results {#sec3}
=======

Hospital size and bed volume {#sec3.1}
----------------------------

Out of 16 hospitals, 14 were public, and two were private hospitals. The maximum hospital bed capacity was 1000 in-patient beds, while the lowest was 25 beds. Seven hospitals had less than 200 beds, while nine of them had more than 200 beds. Of the 16 hospitals, only nine (56.3%) were tertiary centers, whereas the remaining were secondary centers. Eleven (68.8%) of them were teaching hospitals, and the remaining were in rural or nonteaching categories. There was a median of 200 (IQR 52--417, range 25--1000) hospital beds among all 16 hospitals. However, a median of 8 (IQR 6--14, range 3--37) available functioning ICU beds were found in the hospitals. In most hospitals, 10 (62.5%) were mixed ICUs (surgical and medical), and the remaining were medical ICUs. There was a median of 9 (IQR 4.5--14, range 2--20) mechanical ventilators in the hospitals.

Infection control {#sec3.2}
-----------------

Only 10 out of 16 hospitals reported having written recommendations for antibiotics. In contrast, 10 (62.5%) hospitals had written infection control guidelines for COVID-19, including interventions to control infection sources, identifying and isolating suspected cases, and disinfection measures. Only 3 (18.8%) hospitals reported an antibiotic stewardship program.

Laboratory infection surveillance {#sec3.3}
---------------------------------

None of the hospitals had a reverse transcription-polymerase chain reaction machine for detecting COVID-19. Moreover, they relied on central laboratories in either Tripoli or Benghazi, located hundreds of kilometers from some of these hospitals. No other coronavirus testing methods were available in any of the hospitals. Additionally, blood culture accessibility was reported in 11 hospitals, while others had no access. Lastly, septic screening procedures were not available in 62.5% of hospitals.

Availability of healthcare workers {#sec3.4}
----------------------------------

The nurse to patient ratio was 1:4 and 1:2 in 62.5% and the remaining 37.5% of hospitals, respectively. There was a shortage of nurses during the night shift, with only two hospitals having four nurses in the ICU, while no nurses were present in seven hospitals. Three hospitals had one nurse for two patients, and only four hospitals had a 1:1 nurse to patient ratio. In addition, no triage system for COVID-19 was reported in 12 (75%) hospitals.

Only nine hospitals had infectious disease specialists at the consultant level, whereas no such specialists were found in seven hospitals. However, intensive care specialists were available for 24 h a day in nine (56.3%) hospitals, four hospitals had them on-call for 24 h a day, and three hospitals lacked the 24-h presence of such specialists.

Personal protective equipment (PPE) {#sec3.5}
-----------------------------------

We received 300 responses from 400 doctors who were questioned (response rate 75%). Out of 300 doctors who responded to the survey, 170 (56.7%) reported that the supply of PPE was inadequate. In addition, 159 (53%) reported that they did not receive proper PPE training. Furthermore, 210 (70%) of them reported that the hospitals were not providing PPE and purchased their own.

Discussion {#sec4}
==========

Hospitals in Libya were found to be unprepared for the COVID-19 pandemic. Hospital beds and mechanical ventilators were lacking in number to combat the pandemic adequately. In addition, the absence of infection control policies and COVID-19 testing kits may place hospitals at a higher risk of disease transmission, as low testing ability can increase the spread of SARS-CoV-2 infection and hinder containment efforts. Our study focused on the main centers in important cities, which were designated to receive and manage patients with COVID-19.

To the best of our knowledge, this is the first study describing ICU capacity, hospital resources, and readiness for the COVID-19 pandemic in low-resource countries. However, more studies are required in this area to compile a comprehensive overview of the preparedness of such countries.

Considerable attention must be paid when interpreting the study results, as a low number of ICU beds is a primary concern for countries at risk of COVID-19 outbreak. Despite having a large number of hospital beds, a report by WHO found that only around 40% of hospital beds are available and functioning in Libyan hospitals \[[@bib21]\].

Based on the data collected from hospitals in Tripoli, a city with a population of 1.165 million people, we estimated that 100 ICU beds were available \[[@bib22]\]. In addition, the largest hospital had 20 functioning mechanical ventilators, while some hospitals had only 2--6, which is the result of low government spending on healthcare. These numbers are concerning as a previous study conducted in the UK has shown that two-thirds of ICU-admitted patients require mechanical ventilation \[[@bib23]\]. However, the civil war in Libya has resulted in the closure of borders limiting the import of foreign equipment, replacement parts, or qualified personnel to repair malfunctioning ventilators in Libyan hospitals. Therefore, it is necessary that the government provide an adequate number of mechanical ventilators and repair the existing ones, especially in the leading hospitals authorized to admit COVID-19 patients and those with ARDS as it can cause respiratory failure \[[@bib7],[@bib24]\].

About two-thirds (62.5%) of hospitals have a patient to nurse ratio of 4:1. This shortage of nurses is a significant concern and questions the ability of the Libyan healthcare system to respond to COVID-19. Moreover, most of the nurses in Libya are prepared through small community colleges without undergoing training in intensive care. This necessitates urgent intervention by either importing nurses from foreign countries with specific training and experience, or by implementing appropriate training courses for nurses with an aim to work effectively in an ICU setting.

Education and training of ICU staff is the most effective measure to control infection. The training conducted for healthcare workers during COVID-19 should focus on the following: handling and disinfecting PPE, online lecture courses aiming to provide guidance training, and courses to improve staff preparedness as well as their abilities to combat COVID-19, and to treat patients appropriately \[[@bib25],[@bib26]\].

Another primary concern raised in this study was the lack of infection control protocols and practice in the hospitals, wherein it was found that only 10 (62.5%) hospitals recorded infection control measures. In a study conducted in China, a lack of infection control measures was the most common cause of healthcare worker-associated SARS-CoV-2 infection \[[@bib27]\]. Therefore, implementing infection control strategies, appropriate PPE removal, recording vital signs and information of healthcare workers, and providing an adequate supply of PPE are crucial for decreasing the risk of SARS-CoV-2 infection among healthcare workers.

Of the 300 participants questioned in this study, more than half stated a low availability of PPE and training, which is a major concern. Most of the participants reported purchasing PPE by themselves. In addition, some revealed that the PPE provided by hospitals is inadequate in type and insufficient in quantity, resulting in their reuse or prolonged use. These highlight the importance of providing sufficient and appropriate PPE to COVID-19 affected hospitals \[[@bib28],[@bib29]\]. WHO has recommended the provision of PPE to healthcare workers during the COVID-19 pandemic, including medical masks, protective eye gear, gloves, respirators, and gowns. However, some strategies can be followed to facilitate PPE availability, such as using PPE appropriately and correctly, coordinating PPE supply nationally and internationally, and minimizing PPE use by reducing viral exposure using glass windows, delaying elective procedures, and restricting the number of healthcare workers to a safe level \[[@bib20]\].

A previous study found that about 90% of healthcare workers exhibited incorrect doffing techniques \[[@bib30]\]. Therefore, there is an urgent need to provide training on using PPE correctly, and on its appropriate size and amount as self-contamination can occur during removal or manipulation of PPE \[[@bib31]\].

Another primary concern is the availability of COVID-19 laboratory testing facilities. Only two laboratories located in Tripoli and Benghazi carried out COVID-19 testing. As of May 12, 2020, only 2935 tests have been carried out in Libya since the start of the pandemic with an average potential of less than 50 tests per day, which is very low compared to other countries \[[@bib32], [@bib33], [@bib34]\]. This is due to the shortage of testing supplies and the absence of local laboratories. Moreover, diagnosis and treatment of suspected cases may be delayed due to the remoteness of testing laboratories, as it requires several hours for the samples to reach. Without rapid detection and quarantine of patients with COVID-19, the infection can spread quickly. Moreover, two hospitals were reportedly attacked in Tripoli, imposing more pressure on the healthcare system to combat and control COVID-19.

Our study evaluated the preparedness of the ICUs in a low-resource country and provided means to compare the healthcare capacity and preparedness of other low-resource countries in managing the COVID-19 pandemic. This is the first report on the capacity of a low-resource country to respond to the pandemic. Future studies could focus on the availability of trained infection prevention and control specialists, as recommended by the WHO \[[@bib35]\]. Moreover, there is a need for future surveys to focus on hand hygiene containing information regarding the availability of hand hygiene materials and its related training as they play a crucial part in the healthcare system of low-resource countries to control COVID-19.

Conclusions {#sec5}
===========

This study provides an overview of ICU capacity and preparedness in Libyan hospitals during the COVID-19 pandemic. Immediate efforts and determined actions are needed to improve the situation in Libyan hospitals. Furthermore, this study provides information on the alarming decline in intensive care services that render Libya vulnerable to COVID-19. Moreover, this may result in increased propagation of SARS-CoV-2 and raise mortality in a low-resource country that is already devastated by civil war.
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